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Abstract: Litsea is considered as an evergreen genus distributed in tropical and subtropical
Asia; this genus belongs to the large family of Lauraceae. In this study, the cell-death metabo-
lism of biseugenol B was investigated. Nuclear condensation, cell permeability, mitochondrial
membrane potential (MMP) and release of cytochrome ¢ have been detected in human prostate
cancer cell line (PC3) treated with biseugenol B by high content screening (HCS). Fluorescent
analysis was conducted to examine the reactive oxygen species formation. To determine the
mechanism of cell death, the levels of Bcl-cell lymphoma (Bcl)-2 proteins, Bel-2-associated X
(Bax) protein and anti-apoptosis heat-shock protein 70 were tested by applying reverse transcrip-
tion polymerase chain reaction and Western blot. Bioluminescent assays were also performed
to assess the level of caspases such as 3/7, 8 and 9 during treatment. Furthermore, the involve-
ment of nuclear factor kappa-B (NF-kB) was examined by Western blot and HCS. Biseugenol
B showed significant cytotoxicity toward PC3 with no toxicity toward normal prostate cells
(RWPE-1), which indicates that biseugenol B has qualities that induce apoptosis in tumor cells.
The treatment of PC3 cells with biseugenol B provoked apoptosis with cell-death-transducing
signals. Downregulation of Bcl-2 and upregulation of Bax regulated the MMP, which in turn
caused the release of cytochrome ¢ from mitochondria into cytosol. The release of cytochrome
c activated caspase-9, which consequently activated caspase-3/7 with the cleaved poly(ADP-
ribose) polymerase protein, thereby resulting in apoptosis alteration. Involvement of an extrinsic
apoptosis pathway was exhibited by the increase in caspase-8, while the increase in caspase-3/7
and caspase-9 demonstrated involvement of an intrinsic apoptosis pathway. Meanwhile, no
significant increase was observed in caspases 3/7, 8 or 9 in normal prostate cells (RWPE-1)
after treatment with biseugenol B. Prevention of NF-xB translocation from the cytosol to the
nucleus occurred in PC3 after treatment with biseugenol B. The results of our study reveal that
biseugenol B triggers the apoptosis of PC3 cells via intrinsic and extrinsic apoptosis pathways and
inhibition of NF-kB signaling pathway. Our findings suggest that biseugenol B is a potentially
useful agent for prostate cancer treatment.
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Introduction
Prostate cancer or carcinoma of the prostate is the second most common type of
cancer and the fifth leading cause of cancer-related death in men globally.! More than
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1.1 million cases of prostate cancer were recorded in 2012,
accounting for ~8% of all new cancer cases and 15% of all
cancer cases in men.? In Malaysia, prostate cancer is the
fourth most common type of cancer diagnosed in men.’

Conventional cancer therapy involves surgery, radiother-
apy, chemotherapy and occasionally hormone and immune
therapy. Radiation therapy has been a useful tool in cancer
treatment since 1960 and is often used along with surgery.
However, like surgery, radiotherapy alone cannot prevent
metastatic cancer. Meanwhile, chemotherapy is based on
applying certain drugs to retard or destroy the growth of
malignant cells. The anti-tumor effect of most chemotherapy
drugs is due to apoptosis or inducing growth arrest of cancer
cells. However, the side effects of these drugs are significant
and noticeable. The side effects often include damage in
bone-marrow blood cells, digestive tract, hair follicles and
mouth cells.* To avoid the major side effects of chemotherapy
drugs, herbal medicine has been considered as an alternative
cancer therapy because of its lower toxicity and cost benefits.
Natural products or herbs have been used around the world in
clinical attempts to cure cancer.® In addition, the direct sup-
pression effect of cancer cell proliferation has been reported
as aresult of using certain herbs and their constituents.” Litsea
costalis is considered as an evergreen genus distributed in
tropical and subtropical Asia, as well as in North and South
America.® Litsea is used widely in People’s Republic of
China and Malaysia as a traditional medicine for influenza
and stomachache.’ In addition, Litsea contains neolignans,
a chemical compound in plants, which is used in traditional
Chinese medicine to treat viral hepatitis and to protect the
liver."” Neolignans also exhibit pharmacological activity in
mammalian cells.!" Moreover, N6-isopentenyladenosine
(iPA), isolated from L. costalis, regulates plant cell growth
and differentiation.'>!3 A new compound, 2,2"-oxybis (4-allyl-
1-methoxybenzene) or biseugenol B, has been isolated from
L. costalis and belongs to the main group of natural origin,
neolignan and oxyneolignan, which possess anti-proliferative
and anti-cancer properties.'*'® The chemical structure of
2,2’-oxybis (4-allyl-1-methoxybenzene) or biseugenol B is
shown in Figure 1."”

In this study, we evaluated the apoptosis cell-death mech-
anism through a novel compound called biseugenol B using
human prostate cancer cells (PC3) as an in vitro model.

Methodology

Cell culture
Prostate cancer cells (PC3) and normal prostate cells
(RWPE-1)'® were obtained from the American Type Cell

OCH OCH

Figure | Structures of compound 2,2-oxybis (4-allyl-1-methoxybenzene) or
biseugenol B.

Collection (Manassas, VA, USA) and incubated at 37°C
with 5% CO,." Prostate cancer cells (PC3) were cultured in
Roswell Park Memorial Institute (RPMI)-1640 medium with
10% fetal bovine serum (FBS) and 1% of 100 unit/mL of peni-
cillin and streptomycin,* and normal prostate cells (RWPE-1)
were cultured in a concentration of 4x10* keratinocyte serum-
free medium (K-SFM) supplemented with 0.2 ng/mL human
epidermal growth factor (thEGF) and 25 pg/mL bovine pitu-
itary extract (BPE)?! and 1x antibiotic/antimycotic solution.
Cultures were incubated at 37°C in a humidified atmosphere

22-24

containing 5% CO, and passed weekly.

Cell viability assay (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide
(MTT))

By using MTT assay, viability assay was performed as
described by Mohan."” Briefly, 5x10* cells were treated
with biseugenol B at different concentrations in a 96-well
plate and maintained in incubation for 24, 48 and 72 hours.
At absorbance of 570 nm, the colorimetric assay was mea-
sured and recorded. The results were taken as a percentage
of control giving percentage cell viability after 24, 48 and
72 hours exposure to test agent. The half maximal inhibitory
concentration (IC, ) value was measured as the potency of
cell growth inhibition for test agent.'’

Quantification of apoptosis using
propidium iodide (Pl) and acridine

orange (AO) double staining

The method of quantification of apoptosis was performed
by applying AO and PI double staining. Cell death induced
by biseugenol B in PC3 prostate cancer cells was mea-
sured based on the regular process as they were being
observed under a fluorescence microscope (Lieca attached
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with QFloro Software; Wetzlar, Germany).'” Concisely, 2x10°
of PC3 cells were treated with different concentrations of
biseugenol B in a 25-mL culture flask (Techno Plastic Prod-
ucts AG; Trasadingen, Switzerland), which was performed
before incubation of flasks in a humidity of 5% CO, at 37°C
for 24 hours. Later, for 10 minutes, the cells were spun down
at 1,800 rpm resulting in eliminating the supernatant, and the
pellet was washed two times by using cold phosphate-buffered
saline in order to eliminate the media. Then, the addition of
10 uL of mixed fluorescent dye PI (10 ug/mL)and AO (10 ug/
mL) to the cellular pellet was carried out at identical volumes.
On a glass slide, stained cell suspension was dropped freshly
and was screened by a coverslip and observed under the fluo-
rescent microscope 30 minutes prior before fading.'s

Cell cycle analysis

Prostate cancer cells (PC3) were cultured at the concentration
of 2x10° cells/mL in RPMI-1640 medium, which was com-
plemented with 1% penicillin/streptomycin and 10% FBS
in a 25-mL culture flask (TPP brand). Later, it was treated
with various concentrations of biseugenol B for 1 day. The
cells were harvested and stained with a BD Cycletest Plus
DNA Reagent Kit (BD Biosciences, San Jose, CA, USA)
according to the manufacturer’s protocol and subjected to
cell cycle analysis using a Guava easyCyte 8HT Benchtop
Flow Cytometer (Merck & Co., Inc., Whitehouse Station,
NJ, USA).22%

Assay of the apoptotic rate by annexinV
(AV)-fluorescein isothiocyanate (FITC)
staining

A number of prostate cancer cells were cultured (1x10%)
and exposed to different concentrations of biseugenol B.
By using the BD Pharmingen™ Annexin V-FITC Apoptosis
Detection Kit (APO Alert Annexin V; Clontech, Mountain
View, CA, USA),* the AV assay was executed. To eliminate
the media, treated cells were centrifuged for 5 minutes
at 1,800 rpm. In all, 1x binding buffer (provided by the
manufacturer) was used to wash the cells. Subsequently,
the cells were suspended for the second time in 200 UL of
binding buffer, and prior to the incubation at 37°C, which
was carried out for 15 min in the dark, 5 uL of AV and 10 uL
of PI (Sigma-Aldrich Co, St Louis, MO, USA) was added.
The former caused the jump in the volume of the reaction to
500 pL for the analysis of flow cytometric, which was carried
out employing FACSCanto II (BD Biosciences) cytometry b.
The control applied was the dimethyl sulfoxide-treated
(0.1%, v/v) cells.?

Multiple cytotoxicity assay

Six independent factors such as changes in cell membrane
permeability, nuclear size, cytochrome c release, morpho-
logical changes, cell loss and mitochondrial membrane
potential (MMP) were quantified in the same time through
applying a Multiparameter Cytotoxicity 3 Kit (Cellomics
Technology, Halethorpe, MD, USA)."?" In brief, prior to
treatment with biseugenol B for 1 day, the PC3 cells were
seeded and incubated at 37°C during the night with 5% CO,.
Cell permeability dye and also the MMP dye were later
added to the mentioned cells, and incubation was carried
out for half an hour at the same temperature. Then, fixing,
permeabilizing and blocking of the cells were conducted
with 1x blocking buffer and subsequently analyzed with
initial antibody of cytochrome ¢ and secondary DyLight 649-
conjugated goat anti-mouse immunoglobulin G, which took
55 minutes each. In order to stain the nucleus, Hoechst 33342
staining solution was employed and 1,000 stained cells were
studied through employing the ArrayScan™ High-Content
Screen System (Cellomics Technology; Halethorpe, MD,
USA). Stained cells were identified by this system, and the
intensity and distribution of fluorescence were reported
in individual cells. For each fluorescence channel, special
filters were applied for obtained images. Images and data
pertaining to the intensity and texture of fluorescence within
individual cells, as well as the average fluorescence of the
cell population within the well, were stored in the Microsoft
SQL database. Later, the factors were all examined by Data
Viewer version 3.0 software (Cellomics Technology) and
ArrayScan II Data Acquisition.?”

Bioluminescent assays for caspase activity
Caspase-Glo® assay kits (Promega Corporation, Fitchburg,
WI, USA)*® were used for a dose-dependent study of cas-
pases 3/7, caspase-8 and caspase-9 in triplicate in a 96-well
microplate. RWPE-1 in the concentration of 1x10° cells/well
and PC3 in the concentration of 1x10* cells/well were
seeded and incubated with various concentrations of
biseugenol B for 24 hours. The activity of the caspases
was studied and analyzed according to previous studies.'*?
In brief, the reagent of 100 UL of Caspase-Glo was added
and later incubated for half an hour at room temperature.
Aminoluciferin-labeled synthetic tetrapeptide was cleaved
due to the existence of active caspases from apoptotic
cells, followed by discharging the substrate for luciferase
enzyme. By using an Infinite M 200 PRO microplate reader
(Tecan, Ménnedorf, Switzerland), the activity of caspases
was measured.*
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Measurement of reactive oxygen species

(ROS) generation

By using 2’,7’-dichlorofluorescin diacetate (DCFH-DA), the
production of intracellular ROS was measured.?'3? In all,
10 mM of DCFH-DA stock solution in methanol was diluted
500-fold in Hank’s balanced salt solution (HBSS; diluted
with no additives to yield a 20-uM working solution).

PC3 and RWPE-1 cells were exposed to different con-
centrations of biseugenol B in a 96-well black plate and then
washed with HBSS twice, followed by incubating at 100 pL
working solution of DCFH-DA for 30 minutes at 37°C.
The results were obtained using a fluorescence microplate
reader at 485-nm excitation and 520-nm emission (Infinite
M 200 PRO). 33

Analysis of MRNA expression by reverse
transcription polymerase chain reaction
(RT-PCR)

Prostate cancer cells PC3 were cultured in 12-well plates and
treated with different concentrations of biseugenol B. By using
RNeasy Mini Kit (Qiagen NV, Venlo, the Netherlands),'*
the cells’ total RNA was extracted. PCR amplification
was performed on 1 UL of transcribed cDNA using specific
primers such as Bcl-cell lymphoma (Bcl)-2, heat-shock
protein 70 (Hsp70) and Bcl-2-associated X (Bax) genes.
B-Actin mRNA was applied as the loading control. The
primers for Bcl-2 were sense, 5'-ATG AAC TCT TCC
GGG ATG G-3’, and antisense, 5’-TGG ATC CAA GGC
TCT AGG TG-3"; Hsp70 were sense, 5-CGC AGC TGA
ACA AGCTAA ACA ATC-3’, and antisense, 5'-GAT TGT
TTA GCT TGT TCA GCT GCG-3"; Bax were sense, 5-TTT
GCT TCA GGG TTT CAT CC-3’, and antisense, 5’-GCC
ACT CGG AAA AAG ACC TC-3’ and B-actin were sense,
5’-CGG GAA ATC GTG CGT GAC-3’, and antisense,
5’-GCC TAG AAG CAT TTG CGG TG-3’. The amplifica-
tion of PCR was carried out through a thermal cycle in which
the reaction initiated in primary denaturation for 5 minutes at
95°C, which was succeeded by 30 denaturation cycles, which
were annealed and extended at 95°C, 60°C and 72°C for
30 seconds, 40 seconds and 1 minute, respectively. Following
the last extension, which was carried out at 72°C and lasted
for 10 minutes, the reaction came to an end. The amplifica-
tion product size was 515 bp for B-actin, 213 bp for Bax and
166 bp for Bel-2. The products of PCR were loaded into 1.5%
agarose gel electrophoresis. The staining process was later
carried out with ethidium bromide. By the help of UV light
employing Gel Doc XR System (Bio-Rad Laboratories Inc.,
Hercules, CA, USA), the products were visualized."

Western blot analysis

Prostate cancer cells PC3 were cultured in a 25-mL
flask (TPP Techno Plastic Products AG, Trasadingen,
Switzerland), followed by treating the cells with different
concentrations of biseugenol B for 24 hours.?® Lysis buffer
(50 mM Tris-HCL, pH 8.0; 120 mM NaCl; 0.5% NP40;
1 mM phenylmethylsulfonyl fluoride) was used to extract
the total protein cell. In all, 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis was used to separate
the 40 pg of extracted protein. The separated proteins were
transferred to polyvinylidene difluoride membrane (Bio-
Rad Laboratories Inc.). Then, proteins were blocked with
5% nonfat milk in tris-buffered saline (TBS) with Tween
20 (TBST) buffer 7 (0.12 M Tris Base, 1.5 M NaCl, 0.1%
Tween 20). This stage took 30 minutes and was performed at
room temperature followed by incubation by proper primary
antibody at 4°C overnight. Subsequently, proteins incubated
in alkaline phosphatase conjugated secondary antibody for
half an hour at room temperature. The mixture of Tween 20
buffer and TBS was used for washing. Hsp70 (heat shock
protein), nuclear factor kappa-B (NF-xB)/P65 (sc-398442),
Bax (sc-20067) and B-actin (sc-130300) were purchased from
Santa Cruz Biotechnology Inc. (Dallas, TX, USA), while
Bcl-2 (ab38629) was purchased from Abcam plc (Cambridge,
UK) and served as primary antibodies. For secondary anti-
bodies, we applied alkaline phosphatase-conjugated goat
anti-rabbit or goat anti-mouse. Proteins were incubated in a
ratio of 1:5,000 of secondary antibody at room temperature
for 1 hour. Then, they were washed three times with TBST
in an orbital shaker for 10 minutes. By using BCIP®*/NBT
(Santa Cruz Biotechnology Inc.), the blots were developed
for sensitive colorimetric detection to quantify the target
protein band. !

NF-xB translocation

Briefly, 1x10* PC3 cells were seeded in a 96-well plate
and incubated overnight at 37°C with 5% CO,. The cells
were treated with different concentrations of the compound
biseugenol B for 3 hours and then stimulated with 10 ng/mL of
tumor necrosis factor-alpha (TNF-a) for 30 minutes. Briefly,
a number of PC cells (1x10*) were seeded and incubated in
a 96-well plate with 5% CO, at 37°C. The treatment of the
cells with various concentrations of biseugenol B compound
was carried out for 180 minutes, followed by stimulation
with 10 ng/mL of TNF-o for half an hour. Later, eliminat-
ing the medium and fixing the cells, which was followed
by staining them with NF-kB activation kit (Thermo Fisher
Scientific, Waltham, MA, USA), were carried out based on
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the manufacturer’s protocol. On an ArrayScan High-Content
Screening Reader, the plate was analyzed. Measuring the
intensity ratio of nuclear NF-kB as well as the cytoplasm
NF-xB was performed by Cytoplasm to Nucleus Transloca-
tion BioApplication software (Thermo Fisher Scientific). For
200 cells/well, the quantification of the average intensity was
done by comparing different ratios of TNF-o stimulated in
untreated and treated cells.?”’

Statistical analysis

Regarding the experimental data, the statistical investiga-
tion was shown as the mean =+ standard deviation for three
independent tests. The factors of homogeneity and normality
of variance were audited. Statistical Package for the Social
Sciences version 19.0 (IBM Corporation, Armonk, NY,
USA) and GraphPad Prism version 3.0 (GraphPad Software
Inc., La Jolla, CA, USA) software were used. Statistical
significance was defined at P<<0.05.7

Results

Biseugenol B inhibits the growth
of PC3 cells

The valuation of the effect of biseugenol B on PC3 (prostate
cancer cell line) and RWPE-1 (normal prostate cell line)
was performed by using MTT assays in a dose-dependent
manner (Table 1). The obtained results represent the IC,
values after 24, 48, and 72 hours of treatment of PC3 with
biseugenol B (Figure 2).

AO-PI double-staining cell morphological
analysis

The cells were counted using a fluorescence microscope to
investigate the population of viable cells (VI), early apop-
tosis (EA), late apoptosis (LA), and secondary necrosis.
A total of 200 cells were counted arbitrarily and differen-
tially, along with untreated cells, which were considered as
negative control. Early apoptosis cells were distinguished
with a bright green fluorescence using AO within the frag-
mented DNA. The control cells were illustrated by the green
nuclear structure, which was shown to be intact (Figure 1).
Subsequent treatment with 2 pg/mL biseugenol B, nuclear

Table I IC,; concentration of biseugenol B

Cell line IC,, (ug/mL)

24 hours 48 hours 72 hours
PC3 2.42+1.05 2.1+£0.38 1.3310.47
RWVPE- | 57.43£1.15 45.65+2.94 34.92t1.6

Note: Data presented as mean * standard deviation.
Abbreviation: ICSO, half maximal inhibitory concentration.

120

—o— 24 hours
—&- 48 hours
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100

80

60
40
20
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0 1563 3125 625 125 25 50
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Figure 2 MTT assay growth curve of PC3 cells treated with biseugenol B at 24,
48, and 72 hours.
Abbreviation: MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

chromatin condensation and blebbing detected represent
moderate apoptosis (Figure 3A and B). Furthermore, after
treatment with 4 and 8 wg/mL of biseugenol B, in the later
phases of apoptosis, modifications, including a reddish-
orange color due to the binding of AO to the denatured DNA,
were observed (Figure 3C and D). The results showed that
the biseugenol B shaped morphological features that are
associated with apoptosis in a dose-dependent manner.’®
In the cell population, through the differential recording of
treated cells (200 cell population), a statistically significant
(P<<0.005) difference was noted (Figure 4).

Effects of biseugenol B on the ratio of
apoptotic cells by AV-FITC staining

For confirmation of the apoptotic effects of biseugenol B
on PC3 cells, flow cytometric analysis with AV/PI double
staining was used. The AV*/PI” staining represents the EA
cells due to the affinity strength between AV-FITC and
phosphatidylserine, which leads to transportation from inner
leaflet to the outer surface of the plasma membrane in EA.%
In contrast, AV7/PI* staining represents the necrotic cells,
since PI can only pass through the damaged membrane of
the dead cells or late apoptotic cells and binds to the nucleic
acid. In addition, AV~/PI" staining represents VI, and AV*/PI*
staining is marked as late apoptotic cells (Figure SA-D) The
characteristic dot plots of the flow cytometric assessment
of apoptosis indicated that comparing to control (untreated
cells), the percentage of EA increases significantly (P<<0.005)
in the treated cells, especially at 4 ug/mL (~20-fold). Also,
LA cells upsurge meaningfully (P<<0.005) at 8 pg/mL
(~10-fold) compared to untreated cells (Figure SE). Moreover,
the biseugenol B treatment clearly results in a noteworthy
decrease in VI at 4 and 8 pug/mL. Overall, the results dem-
onstrate the anti-proliferative effect of biseugenol B on PC3
cells by triggering the induction of apoptosis cells.
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Figure 3 AO-PI double-staining cell morphological analysis in untreated and treated PC3 cells with biseugenol B.

Notes: Normal structure without noticeable apoptosis or necrosis is shown in untreated cells (A). After treatment with 2 ug/mL, EA features were observed with intercalated
AO (bright green) among the fragmented DNA (B). In 4 ug/mL treatment, the hallmark of LA was detected, which is represented by blebbing and orange color (C).
After treatment with 8 ug/mL, SN was visible by bright red color (D).

Abbreviations: AO, acridine orange; VI, viable cells; EA, early apoptosis; LA, late apoptosis; SN, secondary necrosis; Pl, propidium iodide.

80 =V
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Figure 4 The percentages of VI, EA, LA and SN cells after biseugenol B treatment.

Notes: A significant increase was observed in PC3 cell death via apoptosis in a dose-dependent manner. The results are shown as mean + SD of three independent
experiments. *P<<0.05. **P<0.005.

Abbreviations: VI, viable cells; EA, early apoptosis; LA, late apoptosis; SN, secondary necrosis; SD, standard deviation.
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Figure 5 The effect of biseugenol B on EA and LA of PC3 cells.
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Notes: PC3 cells were treated with different concentrations of biseugenol B and maintained for 24 hours at 37°C in a CO, incubator. The cells were analyzed after staining
with FITC-conjugated AV and Pl by flow cytometer. Untreated cells served as control (A). AV/PI" represents the EA events shown in lower right quadrant (Q4-1). The
late stage of apoptosis/dead cells (AV*/PI*) is shown in quadrant Q2-1. The effects of 2, 4 and 8 ug/mL exposures of PC3 cells to biseugenol B (B—D). Bar chart representing
the percentage of VI, EA, LA and necrotic cells in different concentrations of treatment with biseugenol B on PC3 cells (E). The results are shown as mean + SD of three

independent experiments. *P<<0.05. **P<0.005.

Abbreviations: EA, early apoptosis; LA, late apoptosis; FITC, fluorescein isothiocyanate; AV, annexin V; P, propidium iodide; VI, viable cells; SD, standard deviation.

Cell cycle analysis

This experiment was conducted to determine the influence
of biseugenol B on the DNA content of PC3 cells by the
cell cycle phase distribution (GO, G1, S, G2 and M) after

treatment (Figure 6 and Table 2). The results indicated that
biseugenol B arrested the cell cycle progression in the G0/G1
phase (P<<0.05). The results demonstrate a significant G0/G1
phase arrest in a dose-dependent manner in the PC3 cells
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Figure 6 Cell cycle histogram from analyses of PC3 cells treated with 0 pug/mL (A), 2 ug/mL (B), 4 pug/mL (C) and 8 ug/mL (D) of biseugenol B for 24 hours. (E) Summary

of cell cycle progression for control and biseugenol B-treated PC3 cells.

Notes: The results are shown as mean + SD of three independent experiments. ¥P<<0.05. **P<<0.005.

Abbreviation: SD, standard deviation.

Table 2 Effect of biseugenol B on cell cycle phases

Concentration Sub G0-GI GO0-GI S G2/M

0 ug/mL 1.94+0.32  58.84+I.15 16.45+2.02 8.81%1.65

2 ug/mL 2474046  66.88+1.58%F [8.73+1.38* 10.22+1.06%*
4 ug/mL 1.75£0.42  78.06£1.37%F 7.77+£0.94%F |1.22£].67**
8 ug/mL 24.7310.24% 64.9311.04** 3.59+0.55%* 5.94+].48%*

Notes: Human prostate cancer cells were exposed to biseugenol B at various
concentrations (0, 2, 4, and 8 ug/mL) for 24 hours. The table summarizes the
percentages of cells in each phase of the cell cycle after treatment with biseugenol B.
Data in the same vertical column but different rows refer to the same phase of
the cell cycle and different biseugenol B concentrations. The results are shown as
mean + SD of three independent experiments. *P<<0.05. **P<<0.005.
Abbreviation: SD, standard deviation.

(Figure 6E), which accounts for 66.88%, 78.06% and 64.93%
of cells, following treatment with 2, 4, and 8 pg/mL, respec-
tively, for 24 hours (P<<0.05; Table 2). Meanwhile, the cells
in both the S and G2/M phases reduced with an increase in
the treatment dosage.

Biseugenol B-induced MMP disruption

and release of cytochrome c
In the apoptosis, MMP disturbs by insertion of pro-apoptotic
proteins such as Bax and BH3 or by making of permeability
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transition pores. By using a mitochondria-specific voltage-
dependent dye, we detected the effect of biseugenol B on the
MMP of PC3 cells. As displayed in Figure 7A and B, a sig-
nificant reduction (£<<0.005) was noted in MMP of PC3 cells
after treatment with biseugenol B. Also, a noteworthy decline
was observed in fluorescence intensity (P<<0.05), which
reflected the break down of MMP. In addition, biseugenol B
significantly increased the translocation of cytochrome ¢ from
mitochondria into the cytosol (P<<0.005).

Effect of biseugenol B treatment on
caspase-3/7,-8 and -9

The extreme production of ROS from the mitochondria
and MMP collapse can activate downstream caspase mole-
cules, leading to apoptotic cell death. For examining the

A Hoechst Cell permeability

Control

Biseugenol B
4pg

120

100+

60 -

40

Percentage of cells

20

MMP

caspase enzyme alteration by biseugenol B, we measured
the bioluminescent intensities related to caspase activity in
the PC3 and RWPE-1 cells treated with different concentra-
tions of biseugenol B for 24 hours. As shown in Figure 8A,
all the caspase enzymes showed significant dose-dependent
increase by the biseugenol B treatment in PC3 cells
(P<<0.005). Therefore, apoptosis induced by biseugenol B
in PC3 cells is mediated via both intrinsic (mitochondrial
caspase-9 pathway) and the extrinsic death receptor-linked
caspase-8 pathway. In contrast, the normal prostate cells
(RWPE-1) were less sensitive to biseugenol B, showing
a mild increase in caspase-3/7, caspase-8 and caspase-9
(P>0.05) (Figure 8B). Quantitative analysis confirmed the
significant difference between PC3 and RWPE-1 cells in the
induction of caspases by biseugenol B. (Figure 8C).

Cytochrome c Merged

%t Control
B Treated

O L L T
Hoechst

Cytochrome c

Figure 7 The effect of biseugenol B on nuclear size, MMP, cell membrane permeability, and cytochrome c release in PC3.

Notes: (A) Representative images of the untreated PC3 cells and PC3 cells treated with 4 pg/mL biseugenol and stained with Hoechst for nucleus, cytochrome ¢, membrane
permeability and MMP dyes and cytochrome c dye. The images from each row are obtained from the same field of the same treatment sample (magnification x20). (B) The
bar chart represents the average fluorescence intensities of Hoechst, cell permeability dye, MMP, and cytochrome c in untreated and treated PC3 cells with biseugenol B.
Data are mean + SD of fluorescence intensity readings measured from different photos taken. *P<<0.05. **P<<0.005.

Abbreviations: MMP, mitochondrial membrane potential; SD, standard deviation.
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Figure 8 Relative bioluminescence expression of caspase-3/7, caspase-8, and caspase-9 in PC3 and RWPE-| cells treated with biseugenol B.

Notes: (A) Relative bioluminescence expression of caspase-3/7, caspase-8 and caspase-9 in PC3 cells treated with biseugenol B in different concentrations. The results
are shown as mean + SD of three independent experiments. *P<<0.05. **P<<0.005. (B) Relative bioluminescence expression of caspase-3/7, caspase-8 and caspase-9 in
RWPE- 1 cells treated with biseugenol B in different concentrations. The results are shown as mean * SD of three independent experiments. (C) Comparison of relative
bioluminescence expression of caspase-3/7, caspase-8, and caspase-9 between PC3 and RWPE-1 cells treated with biseugenol B in different concentrations.
Abbreviation: SD, standard deviation.

286 submit your manuscript OncoTargets and Therapy 2017:10

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Biseugenol B for prostate cancer treatment

Biseugenol B-induced cell death includes

increased ROS formation in PC3 cells

The ROS production is generally associated with the MMP
disturbance and cell apoptosis.* To determine the relation, we
examined the level of ROS in cancer prostate cells (PC3) and
normal prostate cells (RWPE-1), treated with biseugenol B.
Oxidation-sensitive fluorescent dye DCFH-DA was used
to observe ROS. A significant increase was observed in
treated PC3 cells, in a dose-dependent manner (P<<0.005).

>

Folding higher than
control
N

An immediate and considerable formation of ROS (more than
twofold more than control) was detected with 1 and 2 pg/mL
treatment, which increased to approximately threefold more
than control with a higher concentration of 4 and 8 pg/mL
(Figure 9A). On the contrary, no significant increase was
detected in normal prostate cells (RWPE-1) after 24 hours
of treatment with biseugenol B (P>0.05; Figure 9B).
These results indicate that biseugenol B triggered the ROS
development of prostate cancer cells (PC3), while it has no
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Figure 9 DCF-fluorescence intensity after exposure of biseugenol B for 24 hours in PC3 and RWPEI.

Notes: (A) Effects of biseugenol B on PC3 cells in ROS production. DCF-fluorescence intensity after 0, 1, 2, 4 and 8 ug/mL of biseugenol B exposure at 24 hours. The results
are shown as mean * SD of three independent experiments. **P<<0.005. (B) Effects of biseugenol B on RWPE-1 cells in ROS production. DCF-fluorescence intensity after 0,
1,2, 4 and 8 ug/mL of biseugenol B exposure at 24 hours. The results are shown as mean + SD of three independent experiments. (C) Effects of biseugenol B on PC3 and
RWPE-| cells in ROS production. The results are shown as mean * SD of three independent experiments.

Abbreviations: ROS, reactive oxygen species; DCF, dichlorodihydrofluorescein; SD, standard deviation.
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significant effect on normal prostate cells (RWPE-1). The
increase in the ROS production of PC3 and RWPE-1 was
seen after 24 hours of treatment with different concentrations
of biseugenol B (Figure 9C).

RT-PCR analysis of apoptotic markers

The expression levels of apoptosis markers, Bax (pro-
apoptotic), Bcl-2 and Hsp70 (anti-apoptotic), were evalu-
ated by RT-PCR. B-Actin was used as the internal control
(Figure 10A). The images represent the changes in apoptotic
markers in the treated and untreated cells. The expression
of Bax (pro-apoptotic marker) significantly increased by
treatment of PC3 cells with biseugenol B (P<0.05 for
2 ug/mL of biseugenol B and P<<0.005 for 4 and 8 pg/mL
of biseugenol B; Figure 10B). Furthermore, the expression
of Hsp70 and Bcl-2 was significantly downregulated in a
dose-dependent manner (P<<0.05 for 2 pug/mL of biseugenol B
and P<<0.005 for 4 and 8 ng/mL of biseugenol B;
Figure 10C and D).
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Western blot analysis of apoptotic markers
The results obtained from the Western blot analysis
(Figure 11A) confirmed that biseugenol B induced upregula-
tion of Bax significantly (P<<0.05 for 2 g/mL of biseugenol B
and P<<0.005 for 4 and 8 pg/mL of biseugenol B; Figure 11B)
and downregulation of Bel-2 and HSP70 proteins in a dose-
dependent manner (P<<0.05 for 2 ug/mL of biseugenol B and
P<0.005 for 4 and 8 pg/mL of biseugenol B; Figure 11C
and D). B-Actin served as the internal control to confirm the
equality of sample loading and protein concentration in all
samples. The ability of modulation of Bcl-2 and Bax is very
crucial for attributing the agent as anticancer, due to their
main role in apoptosis regulation; biseugenol B has demon-
strated this capability in PC3 cells.

Inhibition of TNF-0-induced NF-xB

nuclear translocation by biseugenol B
NF-xB is closely related to the blockage of apoptosis and
cell proliferation.*! Therefore, the role of biseugenol B in
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Figure 10 Effects of biseugenol B on the Bax, Bcl-2 and Hsp70 mRNA expression level in PC3 cells.
Notes: PCR analysis of biseugenol B in selected apoptotic signaling markers. The blot densities are expressed as fold of control (A). The bar chart represents dose-
dependent downregulation of Bax (B). The bar charts represent dose-dependent increase of Bcl-2 (C) and Hsp70 (D). The results are shown as mean + SD of three

independent experiments. *P<<0.05. **P<<0.005.

Abbreviations: Bax, Bcl-2-associated X; Bcl-2, Bcl-cell lymphoma-2; Hsp70, heat-shock protein 70; PCR, polymerase chain reaction; SD, standard deviation.
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Figure 11 Western blot analysis of biseugenol B in the selected apoptotic signaling markers.

Notes: The blot densities are expressed as fold of control (A). Bar chart represents dose-dependent downregulation of Bax (B). Bar chart represents dose-dependent
increase of Bcl-2 (C) and Hsp70 (D). The results are shown as mean + SD of three independent experiments. *P<<0.05. **P<<0.005.

Abbreviations: Bax, Bcl-2-associated X; Bcl-2, Bcl-cell lymphoma-2; Hsp70, heat-shock protein 70; SD, standard deviation.

the suppression of activation of NF-xB, induced by TNF-o,
was examined. In the control cells, a high NF-kB fluorescent
intensity was detected (Figure 12A); the absence of NF-xB
activation in the control cells caused the nuclei to have faint
color. Followed by adding 10 ng/mL of TNF-a alone to PC3
cells, a considerable NF-xB fluorescent intensity was observed
in the nuclei (Figure 12B). Biseugenol B demonstrated a sig-
nificant inhibition of the triggering of NF-kB (Figure 12C).
In the cells treated with well-known NF-xB inhibitors such
as curcumin, a considerable suppression of TNF-o-induced
NF-xB nuclear translocation has been detected. The NF-kB-
related fluorescence intensity was reduced in PC3-TNF-c-
stimulated cells (treated with 8 pg/mL of biseugenol B). In
addition, immunofluorescence staining demonstrated that
the morphological changes of NF-xB translocation indicated
the inhibitory effect of biseugenol B on TNF-a-induced
NF-xB translocation (Figure 12C). Immunoblotting of the
nuclear content of NF-xB p65 was measured to affirm the
immunofluorescence result (Figure 13A and B). Treatment
with biseugenol B significantly decreased the escalation of

NF-xB p65, induced by positive control (TNF-0) in a dose-
dependent manner (P<<0.05 in PC3 treated with 2 pug/mL
of biseugenol B and P<<0.005 in PC3 treated with 4 and
8 ug/mL of biseugenol B).

Discussion

Apoptosis is an extremely controlled process that plays an
essential role in cell destruction and has a crucial role in
various cell functions from fetal development to adult tissue
homeostasis.” Tumors occur through reduction of cell apop-
tosis and unrestrained cell proliferation. Thus, one of the most
logical methods of cancer therapy is using cytotoxic drugs
that activate the apoptosis pathway to destroy cancer cells.*
Herbal medicine is the major source of apoptosis-inducing
agents.”® As stated by several reports,*#’ many natural com-
pounds may be associated with human cancer therapy, which
can induce apoptosis in cancer cells.*® Apoptosis is related to
several biochemical changes in cells, including nuclear frag-
mentation, change in the MMP, and regulation of caspases.*
The current study is the first in vitro report of the effect of
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Figure 12 Inhibition of TNF-o-induced NF-xB nuclear translocation by biseugenol B.

Notes: Photographs of intracellular targets in stained PC3 cells treated with biseugenol B for 3 hours (A) and then stimulated for 30 minutes with TNF-o. 10 ng/mL (NF-xB
activation) (B). Decline in average fluorescent intensity of nuclei NF-xB, confirming that biseugenol B inhibited TNF-o-induced translocation of NF-xB from the cytoplasm
to the nucleus (C).

Abbreviations: TNF-o, tumor necrosis factor-alpha; NF-kB, nuclear factor kappa-B.
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Figure 13 Immunoblot analysis of nuclear NF-xB.

Notes: (A) Immunoblot analysis of nuclear NF-kB p65. |, untreated PC3; II, stimulated with TNF-o only; Ill, IV and V, PC3 treated with 2, 4 and 8 ug/mL of biseugenol B,
respectively; VI, PC3 treated with curcumin. (B) Representative bar chart indicating a significant decline of nuclear NF-xB p65 expressed as folds of control. The results are
shown as mean £ SD of three independent experiments. **P<<0.005.

Abbreviations: NF-kB, nuclear factor kappa-B; SD, standard deviation.
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biseugenol B, a natural compound derived from plant L.
costalis, against human prostate cancer cells (PC3).

L. costalis, a well-known plant® that contains biologically
active and structurally diverse aporphinealkaloids,’? has
been used to treat various diseases.* The natural compound
biseugenol B is a major N6-isopentenyladenosine isolated
from L. costalis (iPA). The present study elucidates the
mechanism of apoptosis triggered by biseugenol B on PC3
cells. According to Shier,’* compounds with IC, value
of >30 ug/mL are considered as not potentially cytotoxic,
whereas compounds with IC, value of <5.0 ug/mL are
considered highly cytotoxic. These findings show that
biseugenol B has different effects on normal cells compared
with cancer cells; it is more highly cytotoxic on prostate can-
cer cells (PC3) than on normal prostate cells (RWPE-1).

Since biseugenol B has a strong potential cytotoxic effect
on prostate cancer cells, we applied AO and PI fluorescent
dyes to observe the various stages of apoptosis, starting with
chromatin condensation until apoptotic body formation, with
biseugenol B treatment. Although AO/PI clearly featured the
apoptosis morphologic changes, we conducted AV assay to
quantify the population of apoptotic cells. The current study
established that treatment with biseugenol B can induce cell
death in PC3 cells through apoptosis. In addition, the results
exposed a significant dose-dependent increase in both early
and late stages of apoptosis.

Previous studies suggest that oxidative stress has a role
in mitochondria change and apoptosis.”® We measured the
ROS level upon biseugenol B treatment on PC3 and RWPE-1
to check the involvement of ROS in the apoptosis process.
The results accentuate this significant relation for PC3
(P<<0.05) but no significant relation for RWPE-1 (P>0.05).
The results showed a threefold increase in intracellular
ROS with 4 and 8 pg/mL of biseugenol B treatment on PC3
cells, which could be due to the generation of free radicals
during cytotoxicity.

The apoptosis mode, which can be caused by various
natural compounds, is closely associated with the cell cycle
arrest.’*>” Cell cycle control has been proven to be a safeguard
for accurate cellular division. Many carcinogenic processes
have been proven to cause cell cycle deregulation. Thus, one
of the chemotherapy targets in cancer therapy is alteration
of cell cycle regulators in cancer cells.® % With various
concentrations of biseugenol B, the cell cycle examination
of PC3 revealed a significant increase in the number of
cells in the sub-GO phase with the highest concentration of
biseugenol B and a larger number of cells in the GO/G1 phase.
Alternatively, the number of cells decreased in the S and

G2/M phases compared with the untreated cells (Figure 5).
The results indicate the inhibitory ability of biseugenol B in
cellular proliferation through the GO/G1 phase arrest.

Although both extrinsic and intrinsic pathways are associ-
ated with apoptosis, the intrinsic pathway is more frequently
involved in tumor occurrence.” Mitochondria can directly
initiate the apoptosis cellular pathway, so they are considered
as the core organelles for the intrinsic apoptosis pathway.
Mitochondria can execute multiple cellular functions, but
their primary involvement is in cell redox status.*%

Outer membrane permeabilization and mitochondrial
transmembrane potential alteration are necessary to initiate
the apoptotic cascade and release of pro-apoptotic proteins,
including cytochrome c, which eventually results in the
activation of caspase-9 and -3.%* The decrease in mitochondria
membrane potential (MMP) is essential for the beginning of
the apoptosis process. The fluorescence-based high-content
screening analysis revealed the effect of biseugenol B on the
mitochondria, which has less MMP in PC3 cells. Simultane-
ously, the release of cytochrome ¢ also increased.

The key regulatory factor in apoptosis is caspase
activation.** In the intrinsic pathway, the release of cyto-
chrome ¢ from mitochondria into the cytosol leads to the
formation of apoptosome and activates caspase-9, resulting
in the activation of effector caspases such as caspase-3,
caspase-6 and caspase-7.% Moreover, previous studies
showed that Bcl-2 protein family members mediate the
release of cytochrome ¢ in the context of apoptotic stimuli.’8¢
Additionally, movement of Bax into the mitochondria leads
to the release of cytochrome c into the cytosol, loss of
MMP and induction of mitochondrial permeability transi-
tion events.”® Biseugenol B clearly triggered the release of
cytochrome c and increased the activity of caspase-3/7 and
caspase-9, which obviously demonstrates that apoptosis
was via intrinsic pathway. However, the extrinsic apoptosis
pathway of caspase activation involves signal transduction
through cell-death receptors such as Fas and TNF-q, resulting
in activation of caspase-8, which consequently leads to the
activation of downstream effector caspases, such as caspase-3
and caspase-7."%7! Activation of caspase-8 is closely involved
with extrinsic apoptosis signaling pathway®’ and might inter-
link with the mitochondrial pathway via cleavage of Bid to
tBid.” Interestingly, biseugenol B increased the activation
of caspase-8 as well, which clearly demonstrates that apop-
tosis occurs via extrinsic pathway also. On the other hand,
no significant increase was observed in RWPE-1 cells by
biseugenol B treatment even in the greatest concentration
of 8 ug/mL (P>0.05).
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Concomitantly, certain members of the Bcl-2 family, such
as Bcl-2 and Bax, have been identified to control the apoptosis
process.” The balance between the anti-apoptotic and pro-
apoptotic properties of the Bcl-2 family is crucial in actuating
the cell toward apoptosis.” Previous studies have shown
that the upregulation of Bax and downregulation of Bcl-2
cause susceptibility to mitochondria-mediated apoptosis.”’¢
Therefore, we inspected the effect of biseugenol B on the
expression of the Bcl-2 family. Bel-2 is an anti-apoptosis
protein located in the cytoplasm, and it plays a significant
role in apoptosis inhibition.””’® Together with Bcl-2 family
members, Hsps are also considered as apoptosis inhibitors,
due to their significant role in cell survival.” The PCR and
Western blot results in this study indicated the Bcl-2 and
Hsp70 downregulation in PC3 cells after treatment with
biseugenol B in a dose-dependent manner, which can explain
the apoptosis-inducing effect of biseugenol B on PC3 cells.
In addition, the downregulation effect of biseugenol B on PC3
could be associated with apoptosis factors that are produced
in mitochondria and ultimately result in apoptosis.®

NF-xB is a protein complex that has a role in regulat-
ing DNA transcription and is considered as an apoptosis
inhibitor.®!%2 Therefore, repressing the activity of NF-xB
can induce apoptosis. In this study, we demonstrated that
biseugenol B can repress the apoptosis-inhibitor activity of
NF-kB by preventing its translocation from the cytoplasm
to the nucleus of the PC3 cells. This finding suggests that
biseugenol B can induce apoptosis by suppressing the
TNF-a-induced NF-xB anti-apoptosis signaling pathway.

Conclusion

Based on the observations from this study, biseugenol B is
capable of inducing apoptosis in PC3 cells through the apop-
tosis signaling pathway that regulates MMP via downregula-
tion of Bcl-2 and upregulation of Bax, which can cause the
release of cytochrome ¢ from mitochondria to cytosol. Upon
the release of cytochrome ¢ into the cytosol, caspase-9 is
activated, which in turn activates the downstream executioner
caspase-3/7. Thereafter, the apoptosis cascade occurs in the
cell by slicing specific substrates. Meanwhile, the increase
in caspase-8 reveals the involvement of extrinsic pathways.
These findings suggest that apoptosis occurs through both
intrinsic and extrinsic apoptosis pathways with regulation of
NF-xB, Bax, Bcl-2 and Hsp70 protein modulation.
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